Analysis of solar neutrino problem by means of N\"{o}tzold and Nakagawa's approach including the interference term- Hyperbolic-tangent profile for electron density in the sun and exact solution - by Kaneyama, M & Biyajima, M
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FIG. 1: (a) The electron number density from SSM1988 in
Ref.[9], which is tted by Eq.(1). See Fig.2 of Ref.[7]. (b) N
e

















































FIG. 2: The electron number density from BP2000, which is
tted by Eq.(2).





















v = 0 ; (8)
where U (r) = 1 tanh[(r+r
0
)=l ]. Changing the variable











U (r) = 2(1  y); (10)












+ fc  (a + b+ 1)yg
df
dy
  abf = 0; (12)
where
a =  +  + ; (13)
b = +  + 1  ; (14)























The general solution of Eq.(12) is expressed by two in-
dependent hyper-geometrical functions. F (a; b; c; y)
 
is


















are the integral constants. Using an or-









) = 0, we obtain the following formula
























































































In Refs.[7] [8] the third term of the right hand side, the in-
terference term, in Eq.(20) is assumed to be zero because







































are the minimumdistance from the sun






III. ANALYSIS OF SOLAR NEUTRINO
PROBLEM WITH EMPIRICAL VALUES BY
MEANS OF EQ.(20)





), reported by the SNO, Gallex, GNO, SAGE,
Homestake Collaborations are shown in Table I.
TABLE I: Data on the solar neutrino[6, 13, 14, 15]. hE

i is








SNO  8 MeV 0:348 0:029
SAGE  0:8 MeV 0:54  0:06
Gallex + GNO  0:8 MeV 0:56  0:07
Homestake  8 MeV 0:34  0:03
Using empirical values in Table I and Eq.(20) with
hE

i = 8MeV and hE

i = 0:8MeV, we obtain two
allowed regions (AR) which are shown in Fig.3(a).









) and the large mixing





Combining the global measurement (including the day-
night eect by the SNO Collaboration and by the SK
Collaboration) and our result, we obtain Fig.3(b). The
shoulder-like region nearly coincides with the large mix-
ing angle (LMA) with C.L.99.73%. (See Ref.[4])
As is seen in Fig.3, our results based on Eq.(2) and
Eq.(20) is partially consistent with the LMA solutions.
IV. CONCLUDING REMARKS
1. As is seen in Fig.2, Eq.(2) is useful to reproduce
the electron density based on BP2000.





). In the present calculation we
have added the third term Eq.(27) to Notzold and
Nakagawa's formula. As compared with result of
Refs.[7][8], we have additional AR: The contribu-
tion is seen in the most right curve and the bot-









).The main reason is
attributed to Eq.(27). Moreover, we can compare
our results with the exponential prole, for exam-
ple, see Fig.2 of Ref.[16]. A similar allowed region
(0:1 . tan
2
 . 1:0) is observed.
3. From the empirical results in Table I and Eq.(20),
we have obtained two AR's, the LMA and SMA.
Combining the AR's reported by the SNO, the SK
Collaborations and our Fig.3(a), we have obtained
Fig.3(b). This is fairly well consistent with the
LMA reported by the SNO Collaboration.
4. Moreover, we have to add the following fact; For






) with the BP2000,





, is about 20% larger than that
of present calculation using values reported by the
SNO Collaboration[4].
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i = 0:8MeV, respectively. (b) Enlarged gure
of (a). The dashed circle with C.L. = 90% and dotted circle
with C.L. = 99:73% are given in Ref.[4]. The SMA is excluded
by observations by the SNO and SK Collaboration. AR is an
abbreviation for allowed region.
